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Abstract 
Ionic liquids (ILs) have been reported as efficient and novel solvents for pretreatment of cellulose. While most ILs 
have big side-effect on enzymatic process, two-step hydrolysis process has to be employed to avoid this problem. 
However, two-step hydrolysis process includes cellulose regeneration process before enzymatic hydrolysis, which is 
cumbersome and increases treatment time. Therefore，it is very necessary to find new ILs which have no side-effect 
on enzymatic process and the whole process can be employed in one pot. The activity and thermal stability of 
cellulase had been studied in three ILs including [MMIM][Me2PO4], [EMIM][Et2PO4] and [BMIM][Bu2PO4]. The 
results indicated that [MMIM][Me2PO4] had no big side-effect on cellulase compared with citric buffer. One-pot 
process of enzymatic hydrolysis of cellulose treated by 10% [MMIM][Me2PO4] was carried out and it was showed 
that the hydrolysis rate of cellulose was 2.1 times than that of the undertreated. Therefore, the one-pot process of 
cellulase hydrolysis can be well applied in hydrolysis of cellulosic biomass pretreated by ILs, which could avoid the 
cumbersome regenerated cellulose process. And it would be meaningful and valuable in bioethanol production from 
cellulosic materials and other biomass industry. 
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1. Introduction 
Bioethanol production from renewable sources has attracted much interest in recent years owing to the 
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increased concern of petroleum reserves depletion and greehouse effect in the world [1]. Lignocellulosic 
materials are considered as attractive raw materials for bioethanol production because of their low cost, 
abundance and non-competition with foodstuffs [2]. However, the high crystallinity of cellulose makes it 
recalcitrant to hydrolyze into glucose. This highly ordered structure of cellulose has to be destroyed in 
order to make the hydrolysis process viable for producing glucose which can be more easily converted to 
bioethanol through fermentation. Therefore, the cellulose pretreatment process has been extensively 
promoted as one of the solutions to the conversion of biomass. Then, the dilute acid pretreatment and 
enzymatic hydrolysis has become a focus in the field of biomass conversion [3]. Recently, ionic liquids 
(ILs) show promise as efficient novel solvents for pretreatment of cellulose. The cellulose regenerated 
from ILs was found essentially amorphous and porous, and was much more prone to degradation by 
cellulose [4]. However, the inactivation of enzyme in a cellulose-dissolving IL and the cumbersome 
cellulose regeneration were the main problematic issue [5]. As a result, recent efforts have been focused on 
exploration of enzyme-friendly and environment-friendly ionic liquids, which can be used as the suitable 
mediums to do the one-pot saccharification process [6]. 
In this study, a series of ILs including 1,3-dimethylimidazolium dimethylphosphate ([MMIM] 
[Me2PO4]), 1-ethyl-3-methylimidazolium diethylphosphate ([EMIM][Et2PO4]) and 1-butyl-3-
methylimidazolium dibutylphosphate ([BMIM][Bu2PO4]), were synthesized and used to pretreat cellulose. 
The activity and stability of cellulase were studied in the three ILs. And then, the one-pot process of 
enzymatic hydrolysis of filter paper treated by one of the ILs which showed no big side-effect on 
cellulase was carried out comparing to the two-step process, in order to avoid the cumbersome 
regeneration process of the pretreated cellulose and reduce the time and cost. 
2. Materials and methods 
2.1. Materials 
(1) Liquid cellulase and buffer 
The liquid cellulase was purchased from Imperial Jade Bio-technology Co. Ltd. (China), with FPU 
2.42×104 U•mL-1. The citric acid-sodium citric buffer (pH 5.2) was prepared by mixing citric acid (AR, 
0.1 mol•L-1, 73ml) and sodium citric (AR, 0.1 mol•L-1, 127ml). 
(2) Synthesis of ionic liquids 
[MMIM][Me2PO4], [EMIM][Et2PO4] and [BMIM][Bu2PO4] were prepared according to the method 
developed by Kuhlmann et al.[7]. 
(3) Filter paper 
The filter paper 102 cellulose was purchased from Tianjin Jiangtian Chemical Technology Co. Ltd. 
(China). The filter paper was cut into 1 mm in length and stored in a dry container after being dried at 
70℃for 48 h in an vacuum drier (type ZK-308s, Tianjin, China). 
2.2. Method 
2.2.1 Determination of the Activity of Cellulase 
The activity of cellulase was determined by the standard filter paper assay and expressed as filter paper 
units (FPU) per gram of glucan [8]. The stability of cellulase in the presence of ILs was determined by 
incubating cellulase in a series of 1mL aqueous-ionic liquids (IL + buffer), which contained 0, 10, 20, 30 
and 40% (W/V) ILs and 10% cellulase (V/V). The mixtures were sealed in a series of test tubes with 
20ml total volume and put into the shaker with a condition of 50℃ and 100 r•min-1. The initial activity 
was measured immediately after adding the enzyme solution into the incubation media while the residual 
activity was assayed at regular time intervals for 3 days. All the experiments were run in duplicate. 
2.2.2 Filter Paper Treated by ILs 
The mixtures of filter paper and aqueous-ionic liquids with cellulose contents of 10, 15, and 20% (w/w, 
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the weight of cellulose was fixed at 0.1g), were incubated in different 10mL beakers. Then, the mixtures 
were dealt with a microwave in a household unit (type EG21B-AN; 800 W) and fully stirred in every 6 s. 
The total microwave time was set to 30s. After microwave treatment, the filter paper was dissolved in ILs 
and formed a kind of paste. 
The paste mixtures after microwave treatment were directly used as substance for enzymatic hydrolysis, 
which was called one-pot process. 
Deionized water was used to regenerate cellulose from the ILs. About 2 ml of deionized water was 
added into the mixtures and immediately a precipitate of cellulose was formed. The precipitated cellulose 
was briefly filtrated through a microporous filtering film (0.22μm) and then washed 3 times with 
deionized water. And the cellulose regenerated was used as substance for enzymatic hydrolysis, which 
was called two-step process. 
2.2.3 Enzymatic Hydrolysis of Filter Paper 
The paste mixtures or the regenerated cellulose mentioned in Section 2.3 were mixed with citric buffer 
and cellulase according to the ratio from Table 1 and then incubated in a number of 50ml flasks. The 
enzymatic hydrolysis was carried out at 50°C and 100 r•min-1 for 96 h with untreated filter paper as 
reference. 
Table 1 The condition of cellulase hydrolysis 
 
  
 
 
 
 
 
The one-pot process of cellulase hydrolysis was in aqueous-IL mixtures. The volume ratio of the IL to 
citric buffer was varied but the amount of cellulose was kept constant at 0.1g for a total reaction volume 
of 20 ml. The cellulase loading was 48 FPU•mL-1. The two-step process of cellulase hydrolysis and the 
saccharication was in aqueous. The same amount of solid cellulose treated or untreated was added to the 
citric buffer. All the experiments were run in duplicate. 
The reducing sugar yield was determined by initrosalicylic acid (DNS) method [9] every 12 h. The 
enzymatic hydrolysis rate was calculated as follows: 
Enzymatic hydrolysis rate (%) ××=
 weightcellulose
0.9sugar  reduced
100% 
3. Results and discussions 
3.1. The activity and stability of cellulase in three ILs 
No. Solid-liquid ratio(%) citric buffer (pH 5.2)(ml) cellulase (diluted 100 times)(ml)
1 5 14 4 
2 10 15 4 
3 15 15.3 4 
4 20 15.5 4 
untreated - 16 4 
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Figure 1 Residual activity of cellulase in the medium with different concentrations of ILs 
A: cellulase in [MMIM][Me2PO4]; B: cellulase in [EMIM][Et2PO4]; C: cellulase in [BMIM][Bu2PO4] 
 
Figure 1 shows the changes of the residual activity of cellulase in aqueous-ILs medium versus time. It 
can be seen from the chart that the residual activities in aqueous-ILs medium were lower than that in citric 
buffer, which indicated that the ILs more or less inhibited the enzyme activity. However, there was a little 
change of the residual activities during the next 72h, which was an example of good stability of cellulase 
in aqueous-ILs medium. 
Among the properties if IL, viscosity and polarity are regarded as two main factors influencing the 
activity and stability of enzyme. Normally, the ionic liquid composed by the cation with longer alkyl 
chains and a larger size anion presents a higher viscosity [10]. According to this criterion, the viscosity of 
the ILs used in this study should be in the order of [BMIM][Bu2PO4] > [EMIM][Et2PO4] > 
[MMIM][Me2PO4]. Viscosity can affect mass transfer during reaction. Decreasing the length of the alkyl 
chain with the cation or the size of anion can lead to an increase in polarity [11]. As a result, the polarity of 
the ILs used in this study should be in the order of [MMIM][Me2PO4] > [EMIM][Et2PO4] > 
[BMIM][Bu2PO4]. From Fig.1, it can be concluded that the ability to inhibit enzymes is in the order of 
[BMIM][Bu2PO4] > [EMIM][Et2PO4] > [MMIM][Me2PO4] at each same concentration. Overall, the 
conclusion can be described as the activity of cellulase decreased with the increase in viscosity and the 
decrease in polarity of the ILs. Similar results were observed about α-chymotrypsin and lipase B in ionic 
liquids which suggested that viscosity and polarity were important parameters to enzyme activity [12]. 
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Moreover, it should be aware that the variation of water content may alternate the viscosity and polarity of 
the ILs, which would interfere with the activity and stability of cellulase. 
In addition, the presence of 10% [MMIM][Me2PO4], [EMIM][Et2PO4] and [BMIM][Bu2PO4] resulted 
in lowering the activity of cellulase by 38.7, 50.1 and 81.1% respectively, compared with those in citric 
buffer at pH5.2 after 3 days. When the ILs concentrations reached 40%, the corresponding residual 
activities were lowered by 79.3, 72.9 and 80.2%. Then, the 10% ILs was the better concentration than 
other concentrations. Besides, the initial activities of the cellulase in [MMIM][Me2PO4], [EMIM][Et2PO4] 
and [BMIM][Bu2PO4] was respectively 70.2%, 64.9% and 66.1% of that in citric buffer and the residual 
activities 3 days later was respectively 80% 70.7% and 26.9% of their initial activities in 10% ILs. 
Therefore, [MMIM][Me2PO4] was proved to be the most suitable medium among the three ILs for 
cellulase hydrolysis when the concentration was 10%. 
3.2. The thermal stability of cellulase in three ILs 
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Figure 2 Thermal stability of cellulase in ILs at different temperatures 
A: cellulase in [MMIM][Me2PO4]; B: cellulase in [EMIM][Et2PO4]; C: cellulase in [BMIM][Bu2PO4] 
 
Figure 2 shows the activity of cellulase in ILs at different temperatures (50, 60, 70, 80 and 90℃) for 1 
hour. The results indicated that there was a sharp decline in the activity of cellulase in the buffer, with 
60% loss of activity from 50℃ to 60℃ and then decrease more slowly with the increase of temperature. 
Nevertheless, it was just a small decrease of the activity of cellulase in ILs, especially at high 
concentrations of ILs, which illustrated that cellulase in ILs could withstand higher temperatures than in 
buffer. The reason was that cellulase was surrounded by ILs, not only insulative to warming but also 
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preventing water evaporation within the enzyme which was necessary to activate the enzyme during the 
cellulase hydrolysis process. 
3.3. The one-pot process of enzymatic hydrolysis of filter paper 
Table 2 The hydrolysis rates of filter paper treated by [MMIM][Me2PO4] after 24 h and 96 h 
 
Table 2 illustrates the effect of [MMIM][Me2PO4] pretreatment on the enzymatic hydrolysis rates in 
one-pot and two-step process. The hydrolysis rates of the treated cellulose were signicantly greater than 
those of untreated cellulose in either one-pot or two-step processes. In the experiment, the hydrolysis rate 
of the untreated cellulose reached 30.1% after enzymatic hydrolysis for 96 h, which was much lower than 
that of the treated cellulose after enzymatic hydrolysis just for 24 h. The reason may be that the high 
crystallinity and the high degree of polymerization of the filter paper which were greatly lowed during the 
ILs treatment. This variation may make the cellulase more accessible to attach to the external and internal 
surfaces of the cellulose. The hydrolysis rate of filter paper treated with [MMIM][Me2PO4] improved 
greatly in 24 h, and the hydrolysis rate became slower during the next 72 h (from 24 h to 96 h). This 
attributed to the inhibition of cellulase by the accumulation of reaction product which had been 
demonstrated in other works [13]. With the view of the complexity of enzyme hydrolysis, many factors may 
affect the hydrolysis rate, such as the changes in the composition and concentration of cellulase and 
cellulose, the variation in the concentration of substrates and the transformation of products. 
Specifically analyzing the times of the untreated at the same experiment condition, it was concluded 
that the hydrolysis rates of the filter paper treated by [MMIM][Me2PO4] with a solid content 10% were 
considerably higher than those of the solid content 15% and 20%, either in the one-pot process or in the 
two-step process at the same conditions. Then the filter paper treated by [MMIM][Me2PO4] with a solid 
content of 10% can be selected to do the hydrolysis process in practical application, with higher rates but 
less amount of IL. The reasonable explanation was that the filter paper could mix with the ILs sufficiently 
in low solid content and it might cause caking in high solid contents then preventing fully contact with 
cellulase. 
Moreover, the hydrolysis rates were a bit higher in the two-step process than in the one-pot process 
(72.6% in the two-step process after 96 h with a solid content 10%, 2.4 times of untreated; 64.0% in the 
one-pot process after 96 h with a solid content 10%, 2.1 times of untreated). The inactivation of a part of 
cellulase in ionic liquids could make this fact clear. However, it provided a new kind of IL which showed 
no big side-effect on cellulase and was suitable to do the one-pot process. And it provided a good choice 
and a theoretical basis for the application of the one-pot process. 
4. Conclusions 
The activity and stability of cellulase were studied in three ILs ([MMIM][Me2PO4], [EMIM][Et2PO4] 
and [MMIM][Me2PO4]). The result was that cellulase was not inactivated greatly in the medium 
Treated 
with solid 
content 
(%) 
Hydrolysis rates of 24 h Hydrolysis rates of 96 h 
One-pot Two-step One-pot Two-step 
rates 
(%) 
Times of 
untreated 
rates 
(%) 
Times of 
untreated 
rates 
(%) 
Times of 
untreated 
rates 
(%) 
Times of 
untreated 
10 56.4 2.7 54.5 2.6 64.0 2.1 72.6 2.4 
15 43.8 2.1 52.7 2.5 51.7 1.7 70.2 2.3 
20 37.3 1.8 48.4 2.4 50.8 1.7 58.1 1.9 
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containing 10% [MMIM][Me2PO4] which was proved the most suitable one to do the hydrolysis 
experiments, especially suitable for the one-pot process. The hydrolysis rates of filter paper pretreated by 
[MMIM][Me2PO4] after 96 h were 2.1 times than that of the untreated filter paper in the one-pot process, 
under its best pretreatment time (30 s). This evidenced that the one-pot process of cellulase hydrolysis can 
be well applied in hydrolysis of cellulosic biomass pretreated by [MMIM][Me2PO4], which not only had 
no big side-effect on cellulase but also could avoid the cumbersome regenerated process. It would be 
meaningful and valuable in bioethanol production from cellulosic materials and other biomass industry. 
Acknowledgements 
This research was supported by the National Natural Science Foundation of China (Grant No. 
21106097).  
References 
[1] Lu YF, Wang YH, Xu GQ, Chu J, Zhuang YP, Zhang SL. Influence of high solid concentration on enzymatic hydrolysis and 
fermentation of steam-exploded corn stover biomass. Appl Biochem Biotechnol 2010; 160: 360-369. 
[2] Alvira P, Negro MJ, Sáez F and Ballesteros M. Application of a microassay method to study enzymatic hydrolysis of 
pretreated wheat straw. J Chem echnol Biotechnol 2010; 85: 1291-1297. 
[3] Ohno H., Fukaya Y. Task specic ionic liquids for cellulose technology. Chem Lett 2009; 38: 2–7. 
[4] Chandra RP, Bura R, Mabee WE, Berlin A, Pan X, Saddler JN. Substrate pretreatment: the key to effective enzymatic 
hydrolysis of lignocellulosics. Adv Biochem Eng Biotechnol 2007; 108:67–93. 
[5] Turner MB, Spear SK, Huddleston JG., Holbrey JD; Rogers RD. Ionic liquid salt-induced inactivation and unfolding of 
cellulase from Trichoderma reesei. Green Chem 2003; 5: 443-447. 
[6] Roosen C, Müller P, Greiner L Ionic liquids in biotechnology: applications and perspectives for biotransformations. Appl 
Microbiol Biotechnol 2008; 81:607–614. 
[7] Kuhlmann E, Himmler S, Giebelhaus H, Wasserscheid P. Imidazoliu dialkylphosphates-a class of versatile, halogen-free and 
hydrolytically stable ionic liquids. Green Chem 2007; 9:233-242. 
[8] Ghose TK. Measurement of Cellulase Activities. Pure & Appl Chem1987; 59: 257-268. 
[9] Miller GL. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal Chem 1959; 31: 426-428. 
[10] Yang Z, Pan WB. Ionic liquids: Green solvents for nonaqueous biocatalysis. Enzyme Microb Technol 2005; 37:19-28. 
[11] Carmiehael AJ, Seddon KR. Polarity study of some 1-alkyl-3-methylimidazolium ambient-temperature ionic liquids with 
the solvatochromic dye, Nile Red. J Phys Org Chem 2000; 13: 591-595. 
[12] Lozano P, Diego TD, Guegan JP, Vaultier M, Iborra JL. Over-stabilization of Candida antarctica lipase B by ionic liquids 
in ester synthesis. Biotechnol Lett 2001; 23: 1529-1533. 
[13] Lee YH, Fan LT. Kinetic studies of enzymatic hydrolysis of insoluble cellulose: analysis of the initial rates. Biotechnol 
Bioeng 1983; 25: 939-966. 
